Delayed HIV diagnosis and enrollment in HIV care can lead to negative health outcomes for individuals and pose major barriers to achieving the UNAIDS 90-90-90 treatment targets. Household economic strengthening (HES) initiatives are increasingly used to alleviate the direct and indirect costs of HIV testing and linkage to care for those who are diagnosed. The evidence linking HES with a range of HIV outcomes is growing, and this evidence review aimed to comprehensively synthesize the research linking 15 types of HES interventions with a range of HIV prevention and treatment outcomes. The review was conducted between November 2015 and October 2016 and consisted of an academic database search, citation tracking of relevant articles, examination of secondary references, expert consultation, and a gray literature search. Given the volume of evidence, the results are presented and discussed in three papers. This is the second paper in the series and focuses on the 20 studies on HIV testing, diagnosis, and enrollment in care. The results indicate that financial incentives are consistently and independently linked with higher testing uptake and yield among adults. Limited evidence indicates they may also be beneficial for enrollment in care. Evidence for other HES interventions is too sparse to identify clear trends.
Introduction
Poverty and economic insecurity have been linked to HIV risk behaviors and outcomes at all stages of the HIV care and treatment cascade (Centers for Disease Control and Prevention, 2014) . In addition to social and psychological factors, economic factors, such as travel costs and lost income or opportunity costs when accessing services, can inhibit both access to HIV testing services (HTS) and care initiation (Govindasamy, Ford, & Kranzer, 2012; Musheke et al., 2013; Thornton, 2008) . Present-biased perspective, whereby individuals disproportionately prioritize current or short-term benefits (such as completing routine responsibilities or enjoying free time) over potential future benefits (such as long-term health), can also deter testing and linkage to care (Solomon et al., 2014) .
In 2014, UNAIDS established ambitious targets to increase the proportion of HIV-positive individuals who are diagnosed, receiving care, and virally suppressed. Since then notable progress has been made, and in 2016 an estimated 70% of people living with HIV (PLHIV) aged 15-49 globally knew their status, though only 53% were accessing treatment (UNAIDS Joint United Nations Programme on HIV/AIDS, 2017). Access to testing for at-risk populations, followed by expedient linkage into care for those who are positive, are essential to achieving these targets. Delayed diagnosis and care initiation, in turn, have negative implications for disease progression and onward transmission of the virus.
Household economic strengthening (HES) initiatives are increasingly implemented in coordination with biomedical and behavioral approaches to address the economic drivers of the epidemic. The effects of HES interventions on HIV outcomes are often mediated by structural and context-specific factors, however these interventions have the potential to help overcome barriers related to the direct and indirect costs of testing and linkage to care. In addition, behavioral economics is increasingly being applied to overcome actual costs, present-biased perspective, and even social barriers by using tangible financial rewards to motivate and reinforce specific behaviors, including HIV testing and linkage to care (Bassett, Wilson, Taaffe, & Freedberg, 2015; Galárraga, Genberg, Martin, Laws, & Wilson, 2013; Pettifor, MacPhail, Nguyen, & Rosenberg, 2012; Thornton, 2008) . This is the second paper in a three-part series that comprehensively documents the published and gray literature linking a broad set of HES interventions to a range of HIV outcomes. This paper focuses on testing and linkage to care outcomes; the first and third papers in the series (Swann 2018a (Swann , 2018b ) cover prevention outcomes and clinical retention and antiretroviral therapy (ART) adherence outcomes, respectively (Table 1) . Testing and linkage to care (including enrollment in care or ART initiation) are distinct areas of the HIV treatment cascade. In 2015, however, the World Health Organization revised its HIV treatment guidance, recommending that ART be provided to all people who test positive regardless of CD4 count or clinical disease stage (known as the "test and treat" approach), highlighting the important connection between these areas of the cascade. These outcomes are grouped together in this paper based on their proximity within the cascade, but also because of the relative scarcity of evidence on these outcomes.
HES interventions can be classified into three categories: provision, protection, and promotion. Provision interventions support basic needs; protection interventions help smooth consumption and protect assets against shocks; and promotion interventions help households to grow their income and assets (Woller, 2011) . Results are presented by individual HES intervention, and are discussed in the context of these wider categories. Descriptions for each HES intervention are provided in Table 2 .
Methods
The methodology of this review was described in detail in the first paper in this series, including a description of the search strategy, quality assessment approach and search terms (Swann 2018a) . Briefly, the review was conducted between November 2015 and October 2016. The initial search was completed using nine academic databases. Four consistent search strings were entered into each database using a list of HES interventions, plus terms associated with different HIV outcomes or population groups. Included evidence had to meet the following criteria: (1) evaluated one or more HES intervention of interest, (2) reported on at least one HIV outcome of interest, (3) available in English, and (4) relevant to low-income contexts or vulnerable populations. There were no geographic exclusion criteria, but studies conducted in highincome countries were only included in the review if the intervention and findings were relevant to lowincome or otherwise vulnerable groups. Articles from the initial search were screened for inclusion based on a review of the title and abstract by two reviewers. Relevant records then underwent a full text review by the study author.
Using a citation tracking approach, the reference sections of each of the selected papers were screened for additional pertinent research. In addition, all identified secondary sources were reviewed and all source studies meeting the criteria were included. Recommendations for additional citations were solicited from experts in this field through a half-day consultative meeting. Finally, a gray literature search was conducted. All evidence was assessed for quality using the Department for International Development's Assessing the Strength of Evidence methodology (DFID, 2014) .
Using the quality assessment results, each citation was given a rating of high, medium-high, medium or low. This assessment was only applied to written articles as there was insufficient information to complete the assessment for conference abstracts and presentations. For quantitative studies, findings were classified as positive or negative if the results were statistically significant according to a p ≤ 0.05 threshold. Where tests of statistical significance were not conducted/presented, results were classified as null even when directional trends were strong. For qualitative studies, results were classified as positive or negative based on the qualitative data and interpretations presented. Many studies assessed integrated programs, grouping multiple HES, health and/or social services. Whether a study assessed the independent relationship between a specific HES component and the outcome(s) of interest was an important element of analysis.
Results
Results for the full review are reported in the first paper in this series (Swann 2018a) including overall study characteristics, PRISMA diagram (see appendix 1) and full evidence map (see appendix 2) (Snilstveit, Vojtkova, Bhavsar, Stevenson, & Gaarder, 2016) . 
Evidence for HTS and linkage to care
From all search methods, 3,309 unique records were identified and screened; 436 records underwent a fulltext review. A total of 108 citations were included in the full evidence review, 20 of which are included in this paper (14 that evaluated HTS and six that assessed linkage to care). HTS outcomes include self-reported and clinical record data on HIV testing uptake, and clinical record data on obtaining HIV test results and testing yield (proportion of all tests that were positive). Linkage to care includes self-reported and clinical record data on uptake of clinical services by PLHIV, enrollment in HIV- 
HES Interventions Descriptions
Unconditional cash transfers (UCTs)
UCTs are a common form of social protection that provide basic consumption support to stabilize vulnerable individuals or households. Without specific conditions that must be met by participants to receive the transfer, or rules for how the money must be spent, they are less complex than conditional cash transfers (CCTs) to administer and are often favored in large-scale government social protection programs. UCTs generally aim to increase access to food or social services such as health care or education, and may be intended to influence specific behaviors, such as caring for orphans and vulnerable children, though this is done indirectly by increasing household income (Heise, Lutz, Ranganathan, & Watts, 2013) . Conditional cash transfers (CCTs) Like UCTs, CCTs aim to provide consumption support to targeted households, but require the ongoing fulfillment of conditions. Conditions are intended to improve uptake of key services and incentivize protective behaviors, but can be difficult for highly vulnerable individuals or households to comply with, which can influence the groups to which CCTs are targeted. The CCT studies identified involved nongovernmental organization programs and research efforts, rather than large-scale government CCTs which are less common in the regions of Africa hardest hit by HIV (Adato & Bassett, 2012) . Because of this, some of the interventions were only provided for a short time, though classification as a CCT was based on their expected application in a real-world setting where transfers would likely be more reliable over time.
Financial incentives
In this review, financial incentives are defined as cash or non-cash rewards (gift cards, vouchers, etc.) or lottery schemes, used to directly incentivize specific behaviors or outcomes. Unlike CCTs and UCTs, they are not designed to be ongoing predictable sources of support.
Asset transfer
Asset transfers include the provision of an item of value, either to support basic household needs or for generation of income. All studies that provided assets to participants also included related support for income generation and therefore were classified under that intervention.
Transportation assistance
Long distances and transportation costs are demonstrated barriers to a range of health services, including HTS and HIVrelated care and treatment (Lankowski, Siedner, Bangsberg, & Tsai, 2014) . Transportation assistance seeks to overcome these barriers by covering all or part of the costs associated with transport to health facilities. Although other financial incentives or transfers may be used for transport, they motivate behavior in less prescriptive ways. Food aid/assistance Food assistance includes food rations, as well as school feeding and food gardens. These interventions can be used to decrease food insecurity, which is a known barrier to HIV prevention, as well as incentivize desired behaviors (Anema, Vogenthaler, Frongillo, Kadiyala, & Weiser, 2009 ). This review did not include literature on nutritional support provided to clinically treat malnutrition, and instead focused on interventions that used economic targeting criteria rather than (or in addition to) biomedical criteria. a Educational support Children in HIV-affected households face disadvantages that can hinder their ability to get an education, including economic strain and responsibilities to care for ill family members (Cluver, Operario, Lane, & Kganakga, 2011) . Children who have lost one or both parents to HIV often fall behind their peers on a range of measures related to school attendance and performance, and educational attainment (Guo, Li, & Sherr, 2012) . Educational support mitigates economic barriers to education access by paying school fees and/or providing school supplies.
Savings (individual and group)
Savings interventions help participants build liquid assets to pay for lump-sum expenses and cope with unexpected life events. Savings services support the accumulation of long-term savings, which is typically difficult for poor households (Rutherford, 2000) , and include individual formal or informal savings accounts, matched savings accounts, and savings and lending groups.
Microinsurance
Microinsurance services offer protection against specific risks or shocks in exchange for regular premium payments. These services are provided to individuals who cannot afford, or do not qualify for, traditional insurance schemes. No studies were identified that included this intervention.
Financial capabilities education/ training
As financial services become more available to the poor, efforts to enhance the financial capabilities required to leverage these opportunities have been recognized as a key component of financial inclusion (Deb & Kubzansky, 2012) . Relevant interventions help participants learn fundamental financial principles and skills, such as budgeting, saving, borrowing, and using formal financial services.
Income generation
Income generating activities (IGAs) include support for small-scale, often informal business initiatives that are typical in resource-constrained contexts. IGAs generally include training to build fundamental skills and the provision of basic business inputs, and can be implemented individually or in groups.
Microcredit
Microcredit services aim to alleviate poverty by providing loans to people who typically lack access to, or are not considered creditworthy, by traditional financial institutions. These loans are generally intended to support small or micro enterprises. Often delivered through solidarity groups, they differ from savings groups because they focus on receipt and repayment of loans from an external party, rather than from pooled savings.
Vocational or entrepreneurial training
Vocational training helps poor households build their economic capacity by developing technical skills required to enter specific trades. Entrepreneurship training builds the capacity of participants to start and run their own businesses. Training programs are often accompanied by placement in apprenticeships or support for developing a business. Employment support Employment support builds the capacity of participants to obtain formal wage-based employment. Interventions, often aimed at young people, include employability and soft skills training, career counseling, and job placement. In this context employment support is also delivered to PLHIV who have recovered their health and are re-entering the workforce. a In many contexts, clinical interventions provide therapeutic foods with the aim of treating malnutrition among PLHIV and other vulnerable groups. These interventions use biomedical criteria such as body-mass index for targeting. They differ from other food assistance programs, which aim to improve access to food and alleviate the economic burden of accessing food, and which target recipients either at a population level or using food security or economic vulnerability criteria. Interventions providing food for the clinical treatment of malnutrition were not included as they are outside the scope of HES.
related care, and initiation of ART. Evidence for most HES interventions is minimal or lacking for both HTS and linkage to care, highlighting a narrower theoretical link between individual and household economics and these portions of the care and treatment cascade. Forty percent of the studies in this paper rely on self-reported outcomes which can be susceptible to bias; this should be considered when interpreting these findings. The evidence map excerpt for HTS and linkage to care outcomes is provided in Figure 1 . 1 Figure 1 . Evidence map excerpt for HTS and linkage to care outcomes.
Evidence for both outcomes is presented by HES intervention. Of the 14 HES intervention areas, no evidence was found for six of them (conditional cash transfers, food assistance, asset transfers, financial education and training, education support, and microinsurance) in relation to HTS and linkage to care, therefore they are not discussed below. Where studies included multiple HES interventions, they are discussed in each relevant section. Given the diversity in study characteristicsgeography, target group, intervention implementation, study design, sample size, outcome indicators, analysis methods, and overall study contexts in most cases the studies in this review have only limited comparability. The summaries of literature instead highlight patterns within these characteristics but do not seek to explicitly compare the studies.
Provision interventions

Financial incentives
Eleven studies examined associations between financial incentives and HTS or linkage to care (Table 3 ). The quality of evidence for this intervention is fairly strong, but comparability among studies is limited due to a wide range of incentive amounts (USD 1-125), each of which incentivized unique behaviors in different contexts.
Eight studies evaluated financial incentives and HTS. Seven of these measured the independent association between financial incentives and HTS, providing the most robust evidence for this part of the cascade. In Malawi, incentives were effective at increasing receipt of HIV test results, and the probability of receiving HIV test results increased as incentive values rose (Thornton, 2008) . In a U.S.-based study, cash incentives were associated with increased testing uptake (Haukoos, Witt, Coil, & Lewis, 2005) , and in Zimbabwe incentives in the form of grocery items increased couples testing (Sibanda et al., 2016) . In Pakistan, financial incentives were used to encourage HIV-positive men to bring their wives for HTS and at least 56% of their spouses tested (Khan, Qazi, Nazim, & Khan, 2012) . Incentives provided to women's economic empowerment groups in India to identify and accompany pregnant women to clinics were associated with more pregnant women receiving HTS (Madhivanan et al., 2013) .
Two studies found that financial incentives were associated with improved targeting of HTS, as a greater proportion of incentivized tests resulted in HIV diagnoses compared to traditional HTS outreach (McCoy et al., 2013; Nglazi et al., 2012) . Only one studyof a combined intervention with adolescents in South Africafound that incentives were not associated with HTS uptake as more youth received HTS at a separate clinic, rather than through the incentive program (Black et al., 2014) .
In addition, three studies assessed the association between financial incentives and the one-time behavior of linkage to care following an HIV diagnosis. A U.S.based study found incentives did not significantly increase linkage to care within three months of an HIV diagnosis (El-Sadr, Branson, & Beauchamp, 2015) . The other studies, conducted in India and Swaziland, found that incentives increased ART initiation and linkage to care, respectively, following a positive HIV test (McNairy et al., 2016; Solomon et al., 2014) .
Unconditional cash transfers
The single study of UCTs for linkage to care found that, for PLHIV, receiving the South Africa Disability Grant was associated with reporting ART initiation (Phaswana-Mafuya, Peltzer, & Petros, 2009) (Table 4) . However, the weak study design and the UCT eligibility requirement of low CD4 counts suggest caution in interpreting this finding. No studies assessed UCTs and HIV testing.
Transportation assistance
Only one study, of a pilot referral intervention in Tanzania, assessed transportation assistance (Table 4 ). It found that the provision of a transportation allowance and community escort was associated with a trend of higher registration at the HIV clinic within six months of diagnosis (Nsigaye et al., 2009) . No studies assessed transportation assistance and HTS.
Protection interventions
Savings (individual and group)
Two studies assessed savings and HTS uptake; one focused on individual savings and one on group savings (Table 5 ). The first found that individual savings, either alone or in combination with other HES and sexual health support, did not increase self-reported testing uptake among adolescent girls in Uganda (Austrian & Muthengi, 2014) . In the other, participants in a multi-component intervention including group savings in Malawi were nearly twice as likely to report having undergone HTS compared to a control group, though the study did not measure the association between HTS uptake and the savings component independently (Galvao, 2015; Weinhardt et al., 2014) . No savings studies assessed an outcome related to linkage to care.
Income generation
Only one qualitative study in Kenya evaluated involvement in an income generating activity (IGA) and HTS Pilot project evaluation to assess the use of respondent driven sampling (RDS) and financial incentives to increase HTS compared to traditional outreach-based HTS Two incentive groups to recruit participants using RDS: a flat incentive (USD 20 per recruit), or a conditional incentive (USD 10-35) to incentivize HTS in priority groups RDS plus incentives were more effective than conventional outreach in identifying PLHIV (p < 0.05), but there was no difference between the two incentive groups in the likelihood of recruiting a participant in one of the priority groups
Med-high
Nglazi et al. In intervention communities, information was disseminated that anyone testing with a partner could select a grocery item worth USD 1.50
Overall testing was higher in the intervention sites. 49.5% of testers in the intervention arm tested with partners, compared to 10.6% in the non-incentive arm (OR = 6.88, p < 0.05). Motivators for couples testing included wanting to know each other's status (93%), incentives (37%) and planning a pregnancy (30%), and 22% in the incentives arm said they would not have tested without the incentive Not assessed AIDS CARE (Table 5 ). It found that being a member of a basket weaving cooperative likely created barriers to HTS as members' higher social status was associated with a perception of greater consequences for HIV disclosure and more concern over HIV-related stigma (Gnauck et al., 2013) . No studies assessed IGAs and linkage to care.
Promotion interventions
Microcredit Two studies assessed microcredit interventions and HTS (Table 6) . A study in South Africa, which provided women with group microcredit, gender and HIV training and community mobilization found that participants were more likely to report accessing HTS than matched controls (Pronyk et al., 2008) . A study in Haiti found that women involved in microcredit for 12 months or more were no more likely than those participating for less than 12 months to report having ever accessed HTS (Rosenberg, Seavey, Jules, & Kershaw, 2011) . No studies assessed microcredit interventions and linkage to care.
Vocational and entrepreneurial training
Only one study assessed HTS uptake among participants in an integrated agricultural training, group savings, and HIV and gender education intervention in Malawi, finding that participants in the combined intervention had nearly double the odds of reporting HTS uptake compared to a control group (Galvao, 2015; Weinhardt 
Employment support
One study assessed HTS uptake among youth in South Africa participating in an HIV, gender, and violence prevention training combined with support to find work or establish a business. It found that, over the course of the intervention, the proportion of male participants reporting HTS increased, but there was no significant increase for females (Jewkes et al., 2014) . A study conducted in the United States with a diverse population of PLHIV found that use of vocational rehabilitation services, which included vocational counseling and related services to facilitate employment, was associated with higher rates of reported access to medical care (Conyers & Boomer, 2014) (Table 6 ).
Discussion
To achieve the UNAIDS 90-90-90 global targets, traditional approaches must be complemented by innovative strategies to increase routine testing among highrisk groups, and increase linkage to care and treatment initiation. No evidence was found linking CCTs, food assistance, financial education and training, or education support with either testing or enrollment in care. Across the 20 studies on these parts of the cascade, only one intervention (financial incentives) had more than two studies and, with 11 studies, provides the preponderance of evidence in this paper. Provision interventions demonstrate mostly positive findings for HTS and linkage to care. Financial incentives, in particular, are a pragmatic intervention to motivate uptake of these critical, yet discrete services. This review found evidence that financial incentivesin some cases even very small onesare consistently and independently linked with higher testing uptake among adults in a range of contexts. Two of three studies also found that financial incentives increased ART initiation or linkage to care. These studies indicate that financial incentives may influence testing and enrollment in care in a number of ways: by directly compensating for the real costs of seeking services such as transportation or lost wages; by helping people overcome present-biased perspective or other psychological barriers to testing and care initiation; or even by providing an economic justification to seek services or start a conversation with partners about testing and care, thereby reducing the associated stigma or social pressures (Sibanda et al., 2016; Thornton, 2008) . The evidence also shows that incentives to promote first-time testing or routine testing among high risk groups could be an important intervention to increase new case finding and testing yield, thereby maximizing HTS funding compared to standard testing approaches. All studies of financial incentives relied on clinical or program records to confirm HTS and care initiation outcomes, which are more reliable and valid than the self-reported outcomes that were used in most of the other studies in this paper. While promising for both outcomes, further research would support a better understanding of the contexts and populations or sub-groups for which incentives are most effective, and inform incentive levels that are both efficacious and cost effective.
There is surprisingly limited evidence for transportation assistance related to these outcomes. Only one study assessed transport support and found that incentives were associated with a strong positive trend (an increase from 18 percent to 64 percent) in clinical registration following an HIV diagnosis, but the study did not report whether the increase was statistically significant. While mobile-and self-testing have reduced the transport barrier for HTS where they are available, transport vouchers could also be a promising intervention to increase HTS and linkage to care after diagnosis. However, they may not have the same ability to overcome psychological or social barriers as broader financial incentives. No studies evaluated HES support and self-testing, though this could be an area for future exploration as self-testing becomes more available and the economic and psychosocial barriers to self-testing are better understood.
Evidence is sparse related to protection and promotion interventions, likely because direct, provisionbased HES interventions are most intuitive for achieving one-time or infrequent outcomes like HTS and linkage to care, while protection and promotion support may be overly complex for these objectives. Looking at the three studies of protection interventions together, there are no emergent trends. The evidence for promotion interventions (n = 5) is similarly diverse though all but one reported positive results, with no negative findings. The three combined interventionsall of which had explicit HIV prevention and gender componentshad positive findings in relation to HTS, possibly indicating that promotion-focused interventions could augment traditional HIV prevention efforts to encourage testing. Group-based interventions such as savings, IGAs, or microcredit could influence both testing and linkage to care by helping to pay for associated costs and/or providing social support, but are only practical if other economic, social or health outcomes are also desired (as was the case in the studies in this review). In some contexts it may be appropriate to integrate or promote routine testing within these HES interventions, utilizing group cohesion to encourage uptake.
While financial incentives were largely assessed independently, 25 percent of the studies in this paper (or 44 percent of the non-financial incentives studies) assessed integrated interventions, without isolating the direct association of any one intervention component on the outcomes. This limits our understanding of the contribution, if any, of each intervention component to the outcomes of interest. No study in this review assessed both HTS and linkage to care outcomes. With the advent of the universal test and treat approach, linkage to care following diagnosis is an area of renewed emphasis for epidemic control, yet early research on the approach shows that treatment initiation is the weakest of 90-90-90 targets (Plazy et al., 2016) . Given that treatment initiation following diagnosis is a common attrition point within the HIV treatment cascade, this could be an area for future research on promising HES approaches such as cash and non-cash incentives.
The study limitations are discussed in greater detail in the first paper in this series (Swann 2018a) . They include the introduction of reviewer bias in the inclusion of a quality assessment, which was mitigated through the creation of a structured codebook and using two reviewers. Categorization of studies into each intervention and outcome was done through a thorough assessment of the study details; when methodological details were limited categorization was based careful review of available information. Linkage to care was particularly varied in terms of outcome measures though we opted for inclusiveness, given the intention of this study. Given the variation in study characteristics, there may be additional trends which were not identified from the analytical framework used.
